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© Vehicle. 

® h A^fSS Z*^*^^*^** fteered with two or four wheels, the vehicle comprising a chassis 
having (11.12) end second (13 14) pairs of ground engaging wheels, the wheels (11,13 ; l£?«of 
Jpfr? mounted at opposite aides of the chassis (15) and the second pair of wheels (13 141 
^mg^octoWe In aposffion such that eTmpte steering to effected solely by the first pair of w3^"l.i:tf 
^A^Z^JV^l nwaWe effect steering bya'ttst fluid ac^ng^r^ (17) to' 
which fluid Is fed ton a steering valve means (23), and the second pair of wheels (13 14) beino movahfo 

ftm mf^erfjE S» r^ 1 .? ,0 b « viaaste^rnX^iSKS^S 

eS^^^^E^tS* the steering mods selector valve means (24) having a finrt omrafog 
m^^irSh^S "! ,U l, ft, 5L*? ^ ™ ans (») •» "«« « to tti second fluid aSathi 

«^i 19 L^r by nSI ,pte u^? d, 3?^ effected Mlefy by the mat pair of wheels (11, 12) and aeeoond 
opening ooirflBcn (P2) I wherein fluid from the steering valve means (23) to fed to the second Arid 
ntSSL r!2 ^ erBby "Tf""!? 8tee,fn9 b eff8Cted by tfta Crat 'and second paireTwheS 
&i &™ S^MT 1 ! 0 ' tffSf (P2> - °P**»»9 condition of the steering mode selector valve means 
rete 5jS?^. ,he 8toenn « mode selector valve means (24) receives a positive atonal tarn a 
contort means (30) to change the operating condition of the steering mode selector valve means (24) so 
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Description of Invention 

This Invention relates to a vehicle having at least 
two pairs of ground engaging wheals, which vehicle 5 
can alternatively be steered wfih two or four wheels. 

In our previous application No. OB 2208282 there 
Is proposed such a vehicle In which a control valve 
. responds to an electrical signal from a control circuit 
to achieve two wheel or four wheel steering. However, to 
In the absence of an electrical signal, the valve auto- 
matically returns to a rest condition In which two wheel 
steering is effected. 

The control circuit has a memory so that In the 
event that ejoctrica) power Is disrupted with tfra control is 
valve in a four wheel steering position, e.g. when the 
vehicle Is parked, when power Is restored, the control 
circuit again automatically provides an appropriate 
signal to the control valve which responds to achieve 
four wheel steering. 20 

It Is an object of the present Invention to provide 
a new or Improved vehicle. 

According to the Invention we provide a vehicle 
comprising a chassis having first and second pairs of 
ground engaging wheels which are movable to effect 2s 
steering of tha vehicle, the wheels of each pair being 
mounted at opposite sides of the chassis and the sec- 
ond pair of wheels being bcfcable In a position such 
that simple steering Is effected solely by the first pair 
of wheels, the first pair of wheels being movable to 90 
effect steering by a first fluid actuating means to which 
fluid Is fed from a steering valve means; and the sec- 
ond pair of wheels being movable by a second fluid 
actuating means to which fluid is fed via a steering 
mode selector valve means from the steering valve 9$ 
means, the steering mode selector valve means hav- 
ing a first operating condition when fluid from the 
steering valve means Is not fed to the second fluid 
actuating means whereby simple steering Is effected 
solely by the first pair of wheels, and a second operat- 40 
ing condfton wherein fluid from the steering valve 
means is fed to the second fluid actuating means 
whereby compound steering Is effected by the first 
and second pairs of wheels, the first or second operat- 
ing condition of the steering mode selector valve 45 
means being retained untfl the steering mode selector 
valve means receives a positive signal from a control 
means to change the operating condition of the steer- 
ing mode selector valve means. 

Thus (he steering mode of the vehicle last seleo- 50 
ted I.e. two or four wheel steering. Is remembered by 
the steering mode selector valve means. 

The Invention wfl) now be described with refer- 
ence to the accompanying drawings In which : 

FIGURE 1 1s a dfegrammatic view of a vehicle in ss 

accordance with the Invention showing a hyd- 



raulic circuit by which steering of the vehicle b 
effected, hydraulic valves being shown in the 
positions they would occupy far simple two wheel 
steering of the vehicle using only a first of two 
pairs of wheels, 

FIGURE 2 to a view similar to Figure 1 but the val- 
ves are shown In the positions they would occupy 
for compound four wheel s teerin g, 
FIGURE 3 is a view stmlar to Figure 1 but wfih the 
valves shown In the positions they would occupy 
for an alternative compound four wheel steenng 
mode, 

FIGURE 4 Is a diagrammatic view of a control cir- 
cuit of a control means for use with the vehicle of 
Figure 1, and, 

FIGURE 5 is a diagrammaUc Illustration showing 
the positions of proximity switches on steering 
gear of the vehicle, 

FIGURE 6 Is an illustrative side sectional view of 
a valve means of a vehicle in accordance wfth the 
invention, 

RGURE 7 is an enlarged side view of part of the 
valve of Figure 6, 

FIGURE a Is an enlarged end view of the part of 

the valve shown In Figure 7. 

Referring first to Figure 1 of the drawings, a ve- 
hicle 10 comprises four wheels 11,12,13, and 14 
mounted in pairs at either side of a longftudha! axis 
15 of an elongate chassis of the vehicle 10. 

A first pair of wheels 11,12, are front wheels and 
are mounted on an axle. for rotation about respective 
rotational axes 11a and 12a as the vehicle moves, 
and the wheels ere movable together by a respective 
double acting hydraulic actuator .17, j 
ajces A1.A2.f so that the wheela H~12, mayl 
forsteeringoSe vehicle. 

A second pair of wheels 13,14 are rear wheats 
and are similarly mounted on an axle for rotation 
about respective rotational axes 13a and 14a. the 
wheels 13,14, also being movable togSthe r abou t re»- 
poetry S 1 steering axes A3wM » by a respective double 
acting hydraulic acTuafer"T67so the t the wheels 13,14, 
may also be used for steering the vehicle 10. 

Hydraulic fluid is supplied from a reservoir 21 by 
e hydraulic pianp 22, via T a steering valve means com- 
prising a hydraulic control valve 23, to th e actuator 17, . 
or actuators 17, and 19, depending on the operating 
condition of a steenng mode selector valve means 24. 

The actuator 17 comprises a piston 18 mounted 
for sliding movement bi a cylinder 17a, the piston 18 
having secured to each' side thereof, a respective 
actuating member M1JU.2 . comprising a piston. rod 
w hich is conne cted to the respective wheel 11,12. by 
aQjrjlOJjor-4^ as herainaWdescr^^ 

Similarly! actuator 19 comprises a piston 20 
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mounted for sliding movement in a cylinder: 1 9a/the 
piston 20 having secured to each aide thereof a res- 
pective efituntinn member M3.M4, ogam comprising a 
piston rod which Is connected by/SljnkJb3 or L4 to a 
respective wheel 13,14^-^ ' ===3 ~ 

Tha steering vah^»^23)l3 shown sirrjpflfted. and 
dtegrammatteafly, and can beljperated tn any one of 
three positions to a greater or teaser extent by en 
operator e.g. using a steering wheel or another steer- 
ing control As shown tn Figure 1, the valve 23 has 
been moved from a rest position R to a first position 
V1 In which fluid Is fed under pressure through valve 

23 to the one aide 18a of piston 18 so that wheels 11 
and 12 wOi each turn anticlockwise about their steer- 
ing axes A1.A2 whereby the vehicle, when moving for- 
wards, generally in me direction of arrow F, shown in 
Rgure1,wiD be steered to the left in the general drec- 
tion indicated by arrow C. 

Fluid expelled from me other side 16b of actuator 
17 Is fed via steering mode selector valve means 14 
back through the steering valve 23 to the reservoir 21. 

As shown In Figure 1, the first operating condaion 
of steering mode selector valve means 14 is a two 
wheel or simple steer operaltngcondiiion. The valve 

24 Is solenoid operated by ja control means as 
hereinafter desribed. In the first operating condition 
PI shown m Figure 1, tha expelled fluid from side 18b 
of the actuator 17 simply passes through tha valve 
mesne 24, whBst the actuator 19, associated with the 
rearwheeis 13,14, is locked out Le. hydraultefufd can- 
not pass to or from either side of the piston 20 of the 
actuator 19. 

Thus tha wheel 1 3, 14, take no part in steering the 
vehteJe which Is effected solely by the front wheel 
11.12. 

It wfll be appreciated that In Figure 1, although the 
steering valve 23 Is moved to condition VI to cause 
the front wheels 11,12, to turn about their axes A1 ,A2 
anticlockwise, the wheel 11,12. are shown In straight 
ahead positions in which their axes of rotation 
1 1a, 12a are aTrgned and generally perpendicular to 
axis 15 I.e. the wheals are shown Just prior to the 
wheel 11,12, beginning to move. 

At the will of the operator, the steering valve 23 
could be moved to the rest position R in which case 
the actuator 17 Is also locked out, or to a second posi- 
tion V2 In which the direction of fluid flow Is completely 
reversed, Le. fluid Is fed (after passing through valve 
24) to the side 18b of actuator 17, to effectmovement 
of Che wheels 11,12, clockwise about their steering 
axes A1 AZ, to steer the vehicle 10 to the right as It 
moves forwardly, but the rear wheals 13,14, wOi, 
whilst valve 24 is in the condition shown in Figure 1, 
remain stationary. 

Referring now to Figure 2, each of the compo- 
nents are labelled with the same reference numerals 
as me components of Figure 1. 

Valve 23 has again been moved to a first position 



VI In which fluid passes through the valve 23 under 
pressure to side 18a of actuator 17, to effect move- 

0 ment of the front wheels 1 1,12, antfctockwfaa about 
their steering axes A1A2. 

However, the expelled fluid from the side 18b of 
actuator 17, does not simply pass back through the 
valve means 24 to valve 23 and to the reservoir 21, 

10 but valve means 24 has been moved to a second 
operating or four wheel or compound steer condition 
P2 such that the expeled fluid from actuator 17 pas- 
ses through valve means 24 through a fluid reversing 
valve means 50 which Is in a flrstcortfUon V3 to one 

is side 20a of actuator 19 to cause movement of the 
wheels 13,14, anticlockwise about their steering axes 
A3andA4. 

Thus the rear wheels 13,14, are released from 
their locked out positions and are unable to effect 

20 compound steering of the vehicle. As the vehicle 10 
moves forwardly generally In the direction of arrow F, 
the vehicle performs a crabbing motion Le. moves 
generally diagonally for example In a direction indi- 
cated by arrow C1 because the wheels 11,12, are 

25 moved in the same directfona ae wheels 13,14. 

Thus the piston 20 of actuator 19 Is moved by the 
fluid expelled from the actuator 17. 

If the direction of fluid, through the steering valve 
23 is reversed by the operator, by moving me valve 23 

30 to Its second position V2. fluid wf I be fed to aide 20b 
of actuator 1 9 to cause the rearwheeis 13,14, to move 
about the* steering axes A3 A* generally clockwise, 
and fluid expelled from the side 20a of actuator 10, 
would be fed back through valve 24 to side 18b of 

ss actuator 17 so that the front wheels 11,12, wflToe 
moved by the fluid for rotation about their steering 
axes A1 and A2 generally clockwise and thus the ve- 
hicle w» move or crab generally diagonally to the 
right 

40 Again steering valve 23 may be moved fay the 

operator to the rear position R bi which toe wheel 
1 1 ,12,13,14, will all be locked in the positions to which 
they are previously moved. 

Referring now to Figure 3, again similar compo- 

49 ne nts to the vehicleof Figures 1 and 2 are again label- 
led by the same reference numerals. 

In Figure 3, the valve means 24 has again been 
moved to its second operating condition P2. so mat 
fluid paasee through the valve means 24 to the 

50 actuator 19. 

However, the fluid reversing valve means 50 has 
been moved to an alternative compound steering 
posiflonVf. Again, with the steering valve 23 tn fts first 
position V1, fluid Is fed through valve 23 to side 18a 
95 of actuator 17 to cause the front wheels 11,12, to 
move antlciocwise about theirgt eering axes A1.A2L 

Fluid expelled from side 18b of actuator 17 pas- 
ses through valve means 24 and the fluid reversing 
valve means 50 to aide 20b of actuator 10 so that tha 
wheels 13,14, move clockwise about their steering 
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axes A3.A4. 

Thus again, tha rear wheels 13,14, lake an active 
part In steering the vehicle 1 0 but always move about 6 
their axes A3.A4 In opposition to the direction of 
movement of the front wheels 13,14, about the axes 
A1.A2, so that the vehlde performs a tramping" 
motion I.e. a very tight turn as the vehicle is moved tn 
the general direction of arrow F, as indicated by the to 
arrow G2. 

By reversing (ha flow of fluid through steering 
valve 23, the operator can cause the front wheats 
11,12, to be moved clockwise by the fluid expelled 
from the actuator 19 of the rear wheals 13,14, which is 
wffl move anticlockwise, and also steering valve 23 
can be moved to Its rest position R so that each of the 
wheels 11 to 14 are lacked In (he positions to which 
they were previously moved. 

As mentioned above, the valve 23 is movable by zo 
the operator, whereas valve means 24 Is solenoid 
operated by a control means including the chcutt 
which is shown generally at 30 In Figure 4. 

It wQI be appreciated that when the vehicle Is 
being compound steered using four wheels it is desf- 23 
rable for the front and rear wheels always to be In 
phase whereby the degree of turn effected by the front 
wheels 11,12, is always In proportion to me degree of 
turn effected by the rear wheels 13,14. 

Further, in a simple steering operation, It is deal- so 
rable for the rear wheel 13 end 14 to be In tha straight 
ahead positions shown in Figures 1 to 3 In which their 
axes of rotation 13a, 14a, are aligned with each other 
and are generally perpendicular to the axis 15. 

To enable an operator to achieve alignment of the ss 
rear wheels 13,14, when changing from compound to 
simple steering and/or of the front and rear wheels 
when changing from simple to compound steering, a 
sensor means is provided associated with each of the 
pairs of front end rear wheels. In Figure 6, the rear 40 
wheels 13,14, are shown, hubs H1.H2, of which are 
prvotaJry mounted at A3JV4. on an axle 31 which Is 
secured relative to a chassis of the vehicle. Con- 
ventionally a track rod would extend between tags 
13,14, of the hubs K1 ,H2, and be movable tn the direo* 45 
Hons shown by the anew d by actuators to steer the 
vehicle 10. 

in the present case, the track rod la replaced by 
the actuator 10, the rode M3.M4 of which, arepivotaOy 
connected to the I Into Ll^ 7 which in torn are pivot- 
aBy connected to the tags' 13,14 of the respective 
hubs H1.H2 of wheels 13,14. 

Thus* as the wheels 13,14, move during steering, 
the links L3.L4, accommodate the changing distance 
between the tags 13.14, and the rods M3,M4. 

The cylinder 19 Is secured relative to the axle 31 
or another part Immovable relative to the chassis of 
the vehicle. 

The sensor means comprises a proximity switch 
37 comprising a first part 37a which is mounted on the 



axle 31 and a second part 37b which is carried by one 
of the actuating rods M3.M4. The switch 37 may far 
example, be of the Inductive type which senses when 
parts 37a,37b„ are at their closest position La. In (he 
present Instance when the wheels 13 and 14 are In 
their straight ahead positions whereby the axes of 
rotation 13a, 13b of the wheels 13,1 4, are aligned win 
each other and generaly perpendicular to the elon- 
gate axis 15 of the vehicle. 

Other types of senso^means rrmyj^usedbut- 
preferably the sensor 37 senses the prvdn^tyoTihe 
relatively movable part 37b carried by the member M3 
relative to the part 37a "without the parte 37a, 37b 
needing to contact each other. 

A eubstantraOy similar arrangement b provided 
on the front wheels, fox mounting a second ptoxtmty 
switch 35. 

Referring now also to Figure 4, a control circuit 30 
is shown which Incorporates the sensor means 35,37, 
and a means to control valve means 24 and 50. 

___/ttttre heart of the circuit is a manually operable 
^selecfctfsw^ 

select simple two wheal steering or compound four 
wheel steering by crabbing or cramping. 

Two dual position latching relays R1.R2 are pro- 
vided, which each has two coils which are shown at 
R1a, R1b, and R2a, R2b. The contacts of the relays 
are shown at S1 and S2 respectively. 

The oo3 R1a Is In series with a first switch T1 
which is In series with the proximity switch 37 of the 
rear wheels. 

. Tha coil R2a is In series with a second switch 12 
of the selector means 40 which is tn series with the 
rear proximity switch 35. The cote Rta. R2a are both 
connected via respective diodes D1 and D2 to a bus 
51 which Is connected to neutral N. 

The proximity ewftches 35 and 37 are each con- 
nected to e second bus 52 which b connected via an 
IgnSlbn switch I to terminal L 

The contacts S1 of the relay R1 are arranged so 
that a common terminal 01 b connected to eithera ter- 
minal A or a terminal B depending on which of the coCs 
R1 a and R1 b of the relay R1 was last actuated. 

The contacts S2 of relay R2 permfi a common ter- 
minal 02 which is connected to terminal B of the relay 
R1, to be connected either to e terminal C or to a ter- 
minal D depending on which of the coQs R2a and R2b 
of the relay R2 was last energised. 

The coll R1b Is connected both to a contact be- 
tween switch T2 of the selector means 40 and the co9 
R2a via a diode D3 and to a contact between a switch 
T3 of the selector means 40 and the coD R2b of relay 
R2 via a further diode D4, and the opposite end of the 
coD R1b is connected via a diode 05 to the bus 51. 

The con R2b Of relay R2 is connected in series 
with the third switch T3 of the selector means 40 to the 
bus 51, and the switch T3 is otherwise connected to 
a contact between the front proximity switch 35 and 
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the swftch T2. A diode D8 Is placed between the relay 
coB R2b and the bus 51. 

Terminal A of contacts 51 of relay R1 Is conneo- 
ted via a cofi C1 of (he steering mods selector valve 
means 24 to the positive bus 52. Terminal B of relay 
R1 ts connected via a cofl C2 of the steering mode 
selector valve means 14 to the bus 52. 

Terminal D of relay R2 is connected vta a cot! C3 
of the fluid reversing verve means 50 to the bus 52. 
and terminal C of the relay R2 is connected via a coD 
C4of the fluid reversing valve means 60 to the bus 52. 
Each of the cols C1 V C3 end C4, have In parallel 
^tothemrinlndica^J^ritn^and 14 respectively. 
Operation of the control circuit 3&w3l now be des- 
cribed. 



When switch T1 of the selector means 40 Is 

closed, when the rear wheels 11.1 2. of the vehicle are 
In a straight ahead position, such that proxfmBy switch 
37 is closed, La. the parts 37a and 37b are in their 
closest positions, the coil R1 a of the relay R1 is ener- 
gised and accordingly, the contacts 01 and A of the 
relay R1 are connected, as shown in figure 4, and co0 
C1 of the steering mode selector valve means 14 wffl 
be energised. Thus the steering mode selector valve 
means 24 wTO assume the position shown (n figure 1 , 
le. simple two wheel steer only is selected. Thus the 
operator can operate steering valve 23 to steer the ve- 
hicle 10 using the front wheels 1 1 ,12, as desired. It wffl 
be appreciated (hat because the relay R1Ise latching 
relay, the contacts 01 and A will remain connected 
such that cafl C1 win remain energised, at least until 
an alternative steering mode is selected by the 
operator. 

In any case, the steering mode selector valve 
means 24 is preferably of tie type which, when one 
of the coils C1 ,C2 Is actuated, remains in the condition 
to which the valve means 14 b moved until the other 
coD C2,C1 Is energised to move the valve means 24 
to an opposite condition- For example, the ooDs C1 
end C2 may act upon a vatve spool within the valve 
means 24 which moves to a first position (as seen In 
Figure 1) when coil C1 is energised, and is moved to 
a second positive condition (Figures 2 and 3) when 
cofl C2 to energised, mechanical inter-engaging 
means of the verve means 24 maintaining the valve 
spool in the respective position unta the other coO Is 
energised. 

Such a valve is shown in and described wfth refer- 
ence to Figure 6 below. 

Similarly, reversing valve 50 is preferably also of 
a similar type Le. having mechanical Wer-engaglng 
means which maintain the valve spool in position V3 
or V4 until the other respective coll C4.C3, Is ener- 
gised. 

K an operator wishes to select four wheel com- 
pound steering e.g. where the wheels 11,12,13 end 
14 aO move in the same direction Le. crabbing, the 
operator closes switch TZ Preferably the selector 



means 40 is of the type such that when any one of ma 
switches T1 to T3 is dosed, the other two switches 
a automatically assume an open condition. Thus there 
wilt no longer be current In cofl R1a_ 

When switch T2 b dosed, and the front wheels 
are moved to their straight ahead positions such mat 
proximity switch 35 Is dosed. Le. the two parts of the 
10 switch 35 are In their closest positions, me cofl Rib of 
the relay R1 win be energised and accordingly, me 
contacts 01 and B of relay R1 wffl become dosed and 
contacts 01 end A wil be opened. 

Also, co9 R2a will be energised and thus the con- 

is tacts 02 end Do? relay R2 will become dosed (tf not 
already closed), whilst the contacts 02 and C wHIbe 
open. Thus con C1 wffl no longer be energised, 
although coils C2 end C3 wOl be energised. In tfua 
case, the steering mode selector valve means 24 wil 

20 be moved to its second operating position as shown 
In Figure 2. when hydraulic fluid can pass through the 
valve means 24 to the fluid reversing valve means 50. 
By virtue of cofl C3 becoming energised, the valve 60 
wiQ be moved to the position indicated in Figure 2 (tf 

25 the valve 50 is not already in this position). 

Thus the operator by dosing switch T2 can 
change the steering mode to cause the wheels 11 Id 
14 to steer the veWde with the wheels 13 and 14 mov- 
ing in the same direction as wheels 1 1,12, but only 

20 once the front wheels 11,12, are in their etrafcht 
ahead positions. 

In the event that the operator wishes to select four 
wheel steer In which the wheels 1 1 and 12 move in en 
opposite direction to wheels 13 and 14 so that the ve- 

95 hide will perform a cramping motion, the operator 
doses swftch T3 and hence swBches T1 and T2 wfl 
be open. As soon as the front wheels 13,14, pass 
through their straight ahead position, proximity switch 
35 wiD be dosed and immediately the cofl Rib and 

40 R2b wJD become energised. Co3 R1b when energised 
wai cause the terminals 01 and B of the relay R1 to be 
connected (If they ere not already so) and coO R2b 
when energised win cause the contacts 02 and C of 
relay R2 to be dosed and contacts 02 and D to be 

49 open. In this event, the cofls C2 and C4 wDl be ener- 
gised to move the steering mode selector varve 24 to 
the position shown In Figure 3 (if R Is not already in this 
position} and the fluid reversing valve means 60 to the 
position shown In Figure 3 so that the operator can, 

so by dosing swftch T3 change the steering mode to 
cause me front wheels 11 and 12 to be moved oppo- 
sitely from the wheels 13 and 14 as prevlousty des- 
cribed. 

it can be seen that when con C1 Is energised, the 
55 indicator light II becomes illuminated to Indicate to an 
operator that he Is in two wheel simple steering mode. 
When cofl C3 is energised. Indicator light 13 Kg lit to 
Indicate to a driver that he has selected compound 
steering mode with the two pairs of wheels moving in 
the cams direction, and when coD C4 Is energised. 
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indicator light 14 b Dt to indicate to a driver that ho is 
tn compound steering mode with the wheels 11 and 12 
moving oppositely to the wheels 13 and 14. 9 

Thus the indicator lights 11 ,13, and 14, tally wSh the 
actual steering mode rather than the selected steering 
mode. 

It win be appreciated that change of steering 
mode from two wheel steer to fourwheei steer, or four 10 
wheel steer to two wheel steer, or fourwheei eteer in 
which all the wheels move In the same dtrscSon and 
four wheel steer tn which the front pair of wheels 
11.12. move in opposite directions to the wheels 
13,14, can only be effected when the or the respective 15 
proximity switch or switches 35.37 Is/are dosed, not- 
w ah standing that prior to this en operator can select 
on the selector means 40 any one of the switches 
T1.T2 and 73. Immediately when the front wheels 
11,12, are In their straight ahead positions when 20 
changing from two wheel to fourwheei steering, or be- 
tween crab and cramp mode four wheal steering, or 
the rear wheals when changing from fourwheei steer- 
ing to two wheel steering, are in their straight ahead 
positions, changing of steering mode can be effected. 26 

Upon a change of steering mode being selected 
from four wheel to two wheel steer, sw&ch T1 is 
dosed, thus opening switches T2.T3. When the rear 
pair of the wheels 13,14, are In their straight ahead 
position, proximity switch 37 wffl dose. Thus their so 
movement wiD be arrested when they are In their 
straight ahead position as valve means 14 moves to 
Its R1 position. 

As described, steering mode selector valve 
means 24 and the fluid reversing valve means 50 are 35 
preferably of the type which have mechanicany inter- 
engaging formations to retain respective valve spools 
of the valve means in the positions to which the valve 
spools were last moved when (he coHs C1.C2.C3 or 
C4 were last energised. 40 

Hence in the event that electrical power to the 
coHs C1.C2.C3 or C4 Is disconnected, for example if 
the vehlde ts parked and Ignition switch I Is switched 
off, the valve spools of the valve means 24 and 50 wfll 
remain in the positions in which they were last set 45 
Hence immediately power is restored La. the Ignition 
switch I is connected, the vehicle 10 ts ready to be dri- 
ven away and steered In the steering mode last selec- 
ted by the operator. 

It wfil be appredated by those skilled in the art, so 
that the valves 23,24 and 50 shown In figures 1 to 3 
are very simplified illustrations of practical valves 
which me readOy commentary avaBable, which 
would be required to enable an operator to achieve 
accurate steering of his vehicle, es 

In practice, a proportional valve, auch as a Dan- 
foss steering valve would be required for valve 23 
such as their OSPB valve, version ON, OR, and CN, 
but the exact nature of the valve 23 used is not crucial 
to the working of the present Invention, and hence the 



valve shown at 23 la only a diagrammatic ahistrafion 
of one simple type of valve to facilitate understanding 
of the invention. 

In Figure 4, instead of using mechanical bt-stabfe 
relays R1.R2, any other dual position, preferably 
latching, switches, such as a suitable electronic 
device or devices could be used. 

Although In the preferred embodiment described, 
the front wheels 11.12. are steered when the vehicle 
Is In a two wheel steer mode, In another arrangement, 
the rear wheels could be steered far bra wheel steer- 
ing. 

In this event, the vehicle 10 could (normally) 
travel in a direction opposite to that shown by arrow 
Fin Figures 1 to 3 so that wheels 11,12, can be (he 
rear wheels, and wheels 1 3,14, the front wheel 

Certain mocStlcatfona would be necessary to to 
hydraulic and electrical control circuits as Indicated ki 
dotted lines in figures 2 and 4. 

Whenmevehkdeiaeteeredinmbmode,ftwould . 
be necessary to reverse the flow of fluid to each of the 
actuators 17.18, which can simply be achieved by 
using an auxBIary fluid receiving valve means 60* hav- 
ing two operating positions Le. position G1 which to 
used for two wheel steering and cramp mode steering, 
and position G2 used for crab mode steering. The 
verve 50/ may be simflar in construction to valve SO. 
and may be moved to position 01 when coO C6 is 
energised, and to position G2 when 00! CS is ener- 
gised. 

In Figure 4 ItwiO be seen that coil C6 is energised 
whenever coHs C1 or C4 are energised, and 006 CS 
Is energised whenever coO C3 b energised. 

Instead cfthefirst part 37a of trie proximity swlch 
37, or the corresponding first part of the proximity 
switch 35 being mounted on the respective axle, ff 
desired the first part of the proxlm^y awttoh may be 
mounted on any other component which Is fixed rela- 
tive to the chassis of the vehicle and relative to which 
the other part 37b of the proximity swftch 37,35, h 
use. moves. 

If desired, instead of providing separata valves 
24,50, these may be Incorporated into a single three 
position valve as described in our previous patent GB 
2203282, but preferably the valve would be modified 
to provide mechanical detent means for example to 
retain the operating condition of the valve selected 
untO a signal Is received from the control circuit to 
change the operating condition of the valve. 

Referring to figures 6 to 8, there is shown Illustra- 
tively a practical version of a valve 24 for use In the 
vehlde of figures 1 to 5. It will be appreciated thai a 
substantially similar valve to valve 24 having substan- 
tially identical mechanical detent means as the valve 
24 of fig urea 6 to 8, may be provided for valve 50 (and 
valve 50/ where provided) but with alternative fluid 
flow paths wftWn the valves to enable the valves to 
operate as described above. 
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The valve 24 comprises first and second ports 
40,41, which am each connected to a centra! pas- 
sageway 42 In which a spool 63 b slidaWy received. 

In the conditions shown In me drawings, I.e. posi- 
tion P2, the spod 53 has been moved to the far right 
where it is retained by mechanical detent means 54 
which ere best seen to an enlarged scale, In figures 7 
and 8. Substantially Identical, but oppositely handed 
detent means 55 are shown for retaining the spool 53 
In a left band condition corresponding to position P1. 

The mechanical detent means 54 comprises a cir- 
cumferential groove 56 provided In a guide part 57 of 
the spool 53, and a spring biased ball 58 which ts resi- 
Dentty urged by a detent spring 59 axially inwardly of 
the guide part 57. The spring 59 surrounds a housing 
60 which is held fast In the centra) passageway 42 of 
the valve 24. As the spool 53 and hence the guide part 
57 are moved to the right to the position shown in fig- 
ure 8, the ball 58 Is urged Into engagement with the 
groove 56 to retain the spool In the right hand position. 

If sufficient force is exerted on the spool 53 to 
move the spod to the left, against the force provided 
by the detent spring 59, the baB 58 wBI be urged from 
Us groove 56 thus freeing the spool 53 to move to the 
left When the spool 53 reaches a tar left position, the 
mechanical delent means 55 will act to retain the 
spool 53 in its for left position until a sufficient force is 
exerted to overcome the force exerted by the detent 
spring of detent means 55. 

Movement of the spool 53 to the right is achieved 
by energising coQ G2, whilst movement to the left is 
achieved by energising coil C1 when respective 
armatures 61 ,62, associated with the respective coDs 
CI and C2 wit) be moved to contact the respective 
guide pert 57 (or 57' at the left end of spool 53), hence 
to move the spool 53. 

It wK be appreciated that the coils C1,C2 each 
need to exert sufficient force to overcome the retain- 
ing force between Ihe respec&ve bafts 56 and their 
grooves 56 provided by the detent springs 59 and that 
once the spool 53 has been moved sufficiently to the 
left or the right once the respective detent means 
54,56, are engaged, the spool 53 win be retained In 
that position even when power to the respective coDs 
C1 ,C2 b cut oft, until the other respective coil C2.C1 
to energised. 

When the vatve 24 Is In the condition P2 shown, 
the port 40 Is connected via galleries within the vatve 
24 to a further port 63 and the port 41 Is connected via 
further galleries within the valve to a further port 64. 

Thus, referring to figure 2, when fluid Is supplied 
to port 40, the fluid may pass through the valve 24 to 
port 63 and hence to the actuating means 19 of the 
wheels 13,14, and fluid returned from the actuating 
means 19 can pass through the valve from port 64 to 
port 41 and hence be returned to tank. 

In the event that the steering valve means 23 Is 
actuated in position V2 rather than position V1. fluid 



flow through the vatve 24 will be reversed such mat 
fluid will be fed to port 41 and pass through the valve 
s to port 64, and fluid will be returned to tank after being 
fed to port 63 end passing through the vaJve to port 
40. 

When solenoid CI is actuated, the armatin 61 
wd move to the left to cause the detent means 55 to 

10 retain the spool 53 In the tell hand position corre- 
sponding to position P1 as shown m figure 1. 

In this event, fluid flow through the valve 24 be- 
tween the respective ports 40 and 63, and 41 and 64 
will be cutoff such that fluid ted to port 40 wM etmpry 

16 pass to port 41, and vice versa, so that the valve 24 
wiS operate as shown and described with reference to 
figure 1. 

It win be appreciated that the vatve 24 described 
wtth reference to figures 6 to 8 is only an example of 

20 a valve having mechanical detent means which per- 
mit the valve to operate so as to retain the operating 
condition of the valve unti a positive signal is received 
from the control means to change the operating con- 
dition of the valve, 

25 The features disclosed in the foregoing descrip- 
tion or the accompa nylng drawings, expressed In their 
specific forms or In terms of a means for performing 
the disclosed function, or a method or process for 
attaining the disclosed result, or a class or group of 

so substances or compositions, as appropriate, may, 
separately or in any combination of such features, be 
utilised for realising the Invention In diverse forms 
thereof, 

35 

Claims 

1. A vehicle comprising a chassis having first 
(1 1,12) and second (13,14) pairs of ground engaging 

40 wheels which are movable to effect steering of the ve- 
hide (10), the wheels of each pair being mounted at 
opposite sides of the chassis (15) and ffie second pair 
of wheels (13.14) being lockaWe in a posioon such 
that simple steering is effected solely by the first pair 

45 of wheels (11.12), the finripatr of wheels (11 ,12) being 
movable to. effect steering by a first fluid actuating 
means {17) to which fluid Is fed from a steering valve 
means (23), and the second pair of wheels (13.14) 
being movable by a second fluid actuating means (1 9) 

so to which fluid Is fed via a steering rncde selector valve 
means (24) from the steering valve means (23), the 
steering mode selector valve means (24) having a first 
operating condition (P1) when fluid from the steering 
valve means (23) ts not fed to the second fluid actuaV 

65 ing means (19) whereby simple steering Is effected 
solely by the first pair of wheels (1 1 .12), and a second 
operating condition (P2) wherein fluid from the steer- 
ing valve means (23) ts fed to the second fluid actuat- 
ing means (19) whereby compound steering is 
effected by the first (11.12) and second (13/14) pairs 
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of wheels, characterised In that the first (P1) or seo- 
ond (P2) operating condtton of the steering mode 
selector vahre means (24) la retained until file steering s 
mode selector valve means {24) receives a posffive 
signal from a control means (30) to change the operat- 
ing condition of the steering mode selector valve 
means (24). 

^ A vehUe according to claim 1 characterised In 10 
that the steering mode selector valve means (24) 
comprises an electrically actuated valve which 
assumes the first operating condition (P1) on receipt 
of a first posffive signal from the control means (30), 
and assumes the second operating condition (P2) on 16 
receipt of a second positive signal from the control 
means (30) the steering mode selector valve means 
(24) comprising first (CI) and second (C2) solenoids 
which move a valve spool of the valve means (24), the 
first solenoid (C1 ) being responsive to receive the first » 
signal and the second solenoid (C2) being responsive 
to receive the second signal from the control means 
(30). 

X A vehicle according to delm 2 characterised in 
that the steering mods selector valve mesne (24) zs 
comprises mechanical brter-engaging means (56,58) 
to retain the valve spool in the first (P1) or second (P2) 
operating condition unSI a signal is received by the 
second (C2) or first (C1) solenoid respectively. 

4. A vehicle according to any one of claims 1 to 3 30 
characterised in that the first fluid actuating means 
(17) comprises at least one double acting actuator 
having a piston (18) slidable in a cylinder, the fluid 
being fed to one aide (16a) of the or each actuator (17) 
to move the first pair of wheels (1 1,1 2) in one direction 33 
by the steering valve means (23) when in a first posi- 
tion (V 1 ), fluid being fed to the other side (15b) of the 
or each actuator (17) to move the first pair of wheels > 
(11,12) in the opposite direction by the steering valve 
means (23) when in a second pee Won (V2), the steer- 40 
lng valve means (23) having a third position (R) when 
fluid is not fed to the first fluid actuating means (17), 
the second fluid actuating means (1 9) also comprising 
at least one double acting actuator (19) and when the 
steering valve means (23) Is In Its first position (V1), 45 
fluid being expelled from the opposite side (18b),1 8a) 
of the or each actuator (1 7) of the first fluid actuating 
means (1 7) to which fluid Is fed from the steering valve 
means (23), the expelled fluid being fed to the steering 
mode selector valve means (24) which, when the so 
steering mode selector valve means (24) ism its sec- 
ond operating condition (P2) only, feeds the expelled 
fluid to the second fluid actuating means (19) to effect 
movement of the second pah of wheels (13,14) 
whereby compound steering with all four wheels « 
(11,12,13,14) Is achieved, end when the steering 
mode selector valve means (24) Is in Us first operating 
condition (P1), the expelled fluid fed thereto from the 
first fluid actuafing means (17) Is returned to a reser- 
voir (21) without being fed to the second fluid actuat- 



ing means (19) whereby two wheel simple steering 
only Is achieved and the second pair of wheels (13.14) 
are locked, and when the steering valve means (23) 
Is In Its second position (P2), fluid is fed to the steering 
mode selector valve means (24) which when in its 
second operating condition (P2) only, feeds the fluid 
to the second fluid actuating means (19) to effect 
movement of the second pair of wheels (13,14), fluid 
returned from the second fluid actuating means (19) 
being fed to the first fluid actuating means (17) 
whereby compound steering with afl four wheels 
(11,12,13,14,) is achieved and whan the steering 
mode selector valve means (24) Is In 8s first operating 
condition (P1). fluid from the steering vahre means 
(23) is notfed to the second fluid actuating means (19) 
but only to the first fluid actuating means (17) whereby 
the second pair of wheels (1 3,14) are locked and sim- 
ple steering is effected with the first pair of wheels 
(11,12) only. 

& A vehicle according to claim 4 characterised In 
that a fluid reversing valve means (50) Is provided be- 
tween the steering mode selector valve means (24) 
end the second fluid actuating means (19) whereby 
the side (20a,20b) of the or each actuator (1 9) of me 
second fluid" actuating means to which fluid Is fed 
when the steering mode selector valve means (24) is 
In its second operating condition (P2), depends upon 
the operating position of the fluid reversing verve 
means (50) so that when the steering mode selector 
valve means Is In its second operating condition and 
the steering valve means (24) Is In Bs second operat- 
ing condition (P2) and the steering valve means (23) 
Is In lis first (V1) or second (VZ) position, when the 
fluid reversing valve means (50), Is in a first operating 
position (P3) fluid is fed to the or each actuator (19) 
of the second fluid actuating means to achieve move- 
ment of the second pair of wheels (13,14) In the same 
oTrectton as the first pair of wheela (11.12) and when 
the steering mode selector valve means (24) is In its 
second operating condition (F2) and the steering 
valve means (23) is in Its first (VI) or second (V2) 
position, when the fluid reversing valve means (50) Is 
in a second operating position (V4), fluid Is fed to the 
or each actuator (19) of the second fluid actuated 
mesne to achieve movement of the second pair of 
wheels (13,14) in an opposite direction to the first pair 
of wheels (11,12). 

6. A vehicle according to claim 5 cha ra cterised In 
that the fluid reversing valve means (50) comprises an 
electrically actuated valve having a valve spool which 
assumes the first operating position (v*3) on receipt of 
a first signal from the control means (30), and 
assumes the second operating position (V4) on 
receipt of a second signal from the control means (30) 
the fluid reversing valve means (50) cornpflsing fust 
(G3) and second (C4) solenoids which move the valve 
spool of the valve means (50). the first solenoid (C3) 
being responsive to receive a first positive signal and 
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the second solenoid (C4) being responsive to receive 
a second positive signal from the control means (30} 
to change the operating position of the flirid reversing 5 
valve means (50). 

7. A vehldo according to claim 8 characterised in 
ftat the fluid reversing valve means (50) comprises 
mechanical Inter-engaging means to retain the valve 
spool h the first (V3) or second (V4) operating post- 10 
tton untfl a signal Is received by the second (C4) or first 
solenoid (C3) respectively. 

8. A vehicle according to any one of datms 1 to 7 
characterised bi that the control means (30) com- 
prises an electrical control circuit which Includes a 15 
selector means (40) operable to enable an operator to 
effect simple two wheel steering when the steering 
mode selector valve means (24) wOI assume its first 
operating condSIon (PI), or compound four wheel 
steering when the steering mode selector valve zo 
means (24) wE assume Its second operating condi- 
tion (P2), the vehicle (14) having sensor means 
(35,37) associated with each of the two pairs of 
wheels (1 1,12 ;13,14) to provide a signal to the con- 
trol means (30) when the wheels (1 1.12 ;13/I4) of the 25 
respective pair of wheels are In a straight ahead posi- 
tion, the control means (30) being arranged so that a 
signal is only sent to the steering mode selector valve 
means (24) to change the steering mode from simple 

to compound steering and vice versa when the 3 dec- 90 
tor means (40) Is operated to change the steering 
mode and the control means (30) receives a signal 
from at least the sensor means (35.37) associated 
with the second pair of wheels, 

9. A vehicle according to claim 8 characterised in 35 
that the control means (30) includes a first dual posi- 
tion latching swftch (R1) means which when moved to 

a first latched position (A), operates the steering mode 
selector valve means (24) to assume Its first operating 
condition (P1) In which simple two wheel steering b 40 
achieved and when moved to a second latched posi- 
tion (B) operates the steering mode selector valve 
means (24) to assume Rs second operating condition 
(P2) in which compound four wheel steering Is 
achieved the fiist dual position latching switch means 49 
(R1) only being movable between its first (A) and sec- 
ond (B) latched positions when the selector means 
(40) is operated to ohange the steering mode and the 
control means (30) receives a signal from at least the 
sensormeans (37) associated with the second pair of as 
wheels (13,14). 

10. A vehlde according to dalm 8 characterised 
In that the control means (30) Includes a second dual 
position latching swftch means (R2) which when 
moved to a first latched position (D) operates the fluid 59 
reversing valve means (50) to achieve steering move- 
ment of the second pair of wheels (13,14) In fre same 
direction as the first pair of wheels (11.12), and when 
moved to a second latched position (C) operates the 
fluid reversing valve means (50) to achieve steering 



movement of the second pair of wheels (13,14) In an 
opposfte direction to the first pair of wheels (11 ,12) the 
second dual position latching switch means (R7) only 
being movable between to first (D) and second (C) 
latched positions when the selector means (40) b 
operated to change the steering mode and the control 
means (30) receives a signal from at least the sensor 
means (35) associated with the first pair of wheats 
(11.12). 
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